Strain SB026 T was isolated from Brazilian rainforest soil and its taxonomic position established using data from a polyphasic study. The organism showed a combination of chemotaxonomic and morphological features consistent with its classification in the genus Amycolatopsis and formed a branch in the Amycolatopsis 16S rRNA gene tree together with Amycolatopsis bullii NRRL B-24847 T , Amycolatopsis plumensis NRRL B-24324 T , Amycolatopsis tolypomycina DSM 44544 T and Amycolatopsis vancoresmycina NRRL B-24208 T . It was related most closely to A. bullii NRRL B-24847 T (99.0 % 16S rRNA gene sequence similarity), but was distinguished from this strain by a low level of DNA-DNA relatedness (~46 %) and discriminatory phenotypic properties.
The genus Amycolatopsis Lechevalier et al. (1986) is a member of the family Pseudonocardiaceae (Labeda & Goodfellow, 2012a) , which is classified in the order Pseudonocardiales (Labeda & Goodfellow, 2012b) . At the time of writing the genus encompasses 64 species with validly published names (Euzéby, 2013) most of which have been proposed based on data from polyphasic taxonomic studies, as exemplified by the descriptions of Amycolatopsis cihanbeyliensis (Tatar et al., 2013) , Amycolatopsis granulosa , Amycolatopsis magusensis (Camas et al., 2013) , Amycolatopsis salitolerans (Guan et al., 2012) , Amycolatopsis samaneae (Duangmal et al., 2011) and Amycolatopsis umgeniensis (Everest et al., 2013) . Species of the genus Amycolatopsis have been assigned to several multi-and single-membered subclades in the Amycolatopsis 16S rRNA gene tree, notably to the Amycolatopsis methanolica and Amycolatopsis orientalis lineages, which contain thermophilic and mesophilic strains, respectively (Tan & Goodfellow, 2012; Zucchi et al., 2012b) . A broad range of phenotypic markers can be used to distinguish between closely related species of the genus Amycolatopsis (Zucchi et al., 2012a, c; Camas et al., 2013; Everest et al., 2013) . The genus includes numerous antibiotic-producing strains, most notably those that synthesize medically important ansamycins (e.g. rifampicin) and glycopeptides (e.g. vancomycin) (Zhao et al., 2010; Everest & Meyers, 2011) .
Amycolatopsis strains are widely distributed in the environment, especially in geographically diverse soils (Saintpierre-Bonaccio et al., 2005; Tan et al., 2006; Nie et al., 2012; Zucchi et al., 2012b have been isolated from plants (Duangmal et al., 2011; Miao et al., 2011) , marine sediment (Bian et al., 2009 ), a salt lake (Tang et al., 2010) and clinical material (Labeda et al., 2003; Huang et al., 2004) . The present study was designed to establish the status of an Amycolatopsis-like strain isolated from a tropical rainforest soil by using a polyphasic taxonomic approach. The isolate, strain SB026 T , was found to have properties consistent with its recognition as representing a novel species of the genus Amycolatopsis.
Strain SB026 T was isolated from an SM3 agar plate (Tan et al., 2006) , which had been inoculated with a suspension of a soil sample and incubated at 28 u C for 21 days. The soil (pH 5.2) was from a Brazilian rainforest undergoing restoration at Santa Bárbara do Oeste, São Paulo (22 u 499 7.50 S 47 u 249 51.70 W). The isolate and four related strains, namely Amycolatopsis bullii NRRL B-24847 T (Zucchi et al., 2012c) , Amylocatopsis plumensis DSM 44776 T (Saintpierre-Bonaccio et al., 2005) , Amylocatopsis tolypomycina DSM 44544 T (Wink et al., 2003) and Amylocatopsis vancoresmycina NRRL B-24208 T (Wink et al., 2003) , were maintained on plates of glucose-yeast extract agar (GYEA; Gordon & Mihm, 1962) at room temperature and as suspensions of mycelial fragments in glycerol (20 %, v/v) at 220 and 280 u C. Biomass for most of the chemotaxonomic studies conducted on isolate SB026 T was prepared by harvesting from shake flasks of glucose-yeast extract (GYE) broth, as described by Kim et al. (2012a) . Biomass from the new isolate and A. bullii NRRL B-24847 T for DNA-DNA hybridization studies was also harvested from GYE broth, and that for the fatty acid analysis of strain SB026 T following growth on trypticase soy broth (TSB; Difco) for 7 days at 28 u C.
Genomic DNA was extracted from the isolate and PCR amplification and 16S rRNA gene sequencing were achieved following the procedures described by Kim et al. (1996) . The almost-complete 16S rRNA gene sequence (1351 nt) was aligned manually, using MEGA version 5 software (Tamura et al., 2011) , against corresponding sequences of closely related type strains of species of the genus Amycolatopsis retrieved from the GenBank database using the EzTaxon-e server (Kim et al., 2012b) . Phylogenetic trees were inferred by using the maximum-likelihood (Felsenstein, 1981) , maximum-parsimony (Fitch, 1971 ) and neighbour-joining (Saitou & Nei, 1987) tree-making algorithms drawn from the MEGA 5 software; an evolutionary distance matrix for the neighbour-joining analysis was generated after Jukes & Cantor (1969) . The appropriate nucleotide substitutions for the maximumlikelihood analysis were selected by the Bayesian information criterion using the MEGA 5 software and found to follow the Tamura three-parameter (T92+G+I) model (Tamura, 1992) . The topologies of the evolutionary trees were evaluated by a bootstrap analysis (Felsenstein, 1985) of the neighbourjoining method based on 1000 replicates using MEGA 5 software. The root position of the neighbour-joining tree was inferred by using Actinokineospora riparia DSM 44259 T (GenBank accession number AF114802) as the outgroup.
The isolate and its closest phylogenetic neighbours were assigned to three multi-membered 16S rRNA gene lineages, namely the Amycolatopsis albidoflavus IMSNU 22139 T , Amycolatopsis mediterranei NRRL B-3240 T and Amycolatopsis orientalis IMSNU 20058 T subclades, that were supported by all of the tree-making algorithms and by moderate bootstrap values ( Fig. 1 ). Strain SB026 T was found to form a branch in the A. mediterranei subclade together with the type strains of A. bullii, A. plumensis, A. tolypomycina and A. vancoresmycina, albeit one with a relatively low bootstrap value of 51 %. The isolate was shown to be related most closely to A. bullii NRRL B-24847 T , sharing 99.0 % 16S rRNA gene sequence similarity, a value that corresponded to 13 nt differences at 1349 locations. The corresponding 16S rRNA gene sequence similarities with A. plumensis NRRL B-24324 T and A. tolypomycina DSM 44544 T were 98.7 %, results shown to correspond to 18 and 17 nt differences at 1348 and1349 locations, respectively. Strain SB026 T was also found to be closely related to A. vancoresmycina NRRL B-24208 T , sharing 98.6 % 16S rRNA gene sequence similarity, a value equivalent to 19 nt differences at 1350 sites.
DNA-DNA relatedness values (DT m ) between isolate SB026 T and A. bullii NRRL B-24847 T , its closest phylogenetic neighbour, were determined using a fluorimetric method (Gonzalez & Saiz-Jimenez, 2005) . The optimal temperature for renaturation (T or ) was calculated using the equation T or 20.51 (%G+C)+47. The melting temperatures (T m ) at which 50 % of the initial dsDNA denatured into ssDNA for isolate SB026 T genomic DNA and the isolate SB026 T -A. bullii NRRL B-24847 T hybrid DNA preparations were compared and the differences (DT m ) calculated; the DNA-DNA hybridizations were conducted twice in each case with three replicates. The DNA G+C content (mol%) of isolate SB026 T was estimated using the thermal denaturation method, as described by Gonzalez & Saiz-Jimenez (2002) .
The DT m between isolate SB026 T genomic DNA and SB026 T -A. bullii NRRL B-24847 T hybrid DNA was 8.8±0.5 u C (mean±SD), a value that corresponded to a DNA-DNA similarity value of 46.0±1.5 %; this result is well below the 70 % cut-off point recommended for the circumscription of genomic species (Wayne et al., 1987) . Given this low mean DNA-DNA relatedness value it was not considered necessary to compare the new isolate with its other close phylogenetic neighbours in the A. mediterranei clade as the respective 16S rRNA gene sequence similarities with these strains were below 99.0 %. Indeed, Meier-Kolthoff et al. (2013) have pointed out that it is counterproductive to carry out DNA-DNA pairing assays between closely related actinomycetes that share 16S rRNA gene sequence similarities below the 99.0 % cut-off point.
Standard procedures were used to determine the isomers of diaminopimelic acid (Staneck & Roberts, 1974) , the acyl type of murein (Uchida et al., 1999) , whole-cell sugars (Schaal, 1985) , and menaquinone and polar lipid profiles (Minnikin et al., 1984) of strain SB026 T , using A. bullii NRRL B-24847 T as a control. Strain SB026 T contained meso-diaminopimelic acid, arabinose and galactose in whole-organism hydrolysates (wall chemotype IV sensu Lechevalier & Lechevalier, 1970) , N-acetylated muramic acid, and major amounts of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylmethylethanolamine, phosphatidylglycerol and phosphatidylinositol (Fig. S1 , available in the online Supplementary Material; phospholipid pattern II sensu Lechevalier et al., 1977) . The predominant isoprenologues were dihydrogenated and tetrahydrogenated menaquinones with nine isoprene units [MK-9(H 2 , H 4 )] in a ratio of 3 : 1. These chemotaxonomic data are in line with the assignment of the isolate to the genus Amycolatopsis (Tan & Goodfellow, 2012) .
Mycolic acids were sought from isolate SB026 T using the acid methanolysis procedure of Minnikin et al. (1980) . Fatty acids extracted from the isolate were methylated and analysed by using the standard Sherlock Microbial Identification (MIDI) system, ACTINO version 5 (Sasser, 1990) . Isolate SB026 T lacked mycolic acids. The cellular fatty acid profile of the isolate contained major proportions (.10 %) of iso-C 14 : 0 (15.7 %), C 15 : 0 (13.4 %) and iso-C 16 : 0 (45.8 %), lower proportions (.1.3 %) of anteiso-C 15 : 0 (1.9 %), C 16 : 0 (4.8 %), iso-C 17 : 0 (1.5 %), anteiso-C 17 : 0 (1.3 %), C 17 : 1 v6c (4.5 %) and C 17 : 0 (7.3 %), and trace amounts of C 17 v8c and iso-C 18 : 0 . This result is in good agreement with those from previous studies on representatives of species of the genus Amycolatopsis (Tan & Goodfellow, 2012; Zucchi et al., 2012b) .
The whole-cell components of the new isolate and A. bullii NRRL B-24847 T , its closest phylogenetic neighbour, were analysed by matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) MS. The organisms were grown on GYEA for 3 days at 28 u C and a thin layer of cells from the colonies was smeared onto 12 target spots, using a sterilized toothpick, on the MALDI-TOF MS MTP 348 ground steel TF target plate (Bruker Daltonics). The spotted samples were overlaid by 1.5 ml of matrix solution and air-dried; a-cyano-4-hydroxycinnamic (Sigma-Aldrich) at 20 mg ml 21 in acetonitrile/0.2 % aqueous trifluoroacetic acid (1 : 1) was used as the matrix. The samples were analysed in a Autoflex speed MALDI-TOF/TOF device fitted with 1 kHz Smartbeam-II laser (355 nm) (Bruker Daltonics) 18000X 10KV 1u 0007 Fig. 3 . Scanning electron micrograph of isolate SB026 T following growth on oatmeal agar at 28 6C for 4 weeks showing smoothsurfaced rod-like elements following fragmentation of the substrate mycelium. Bar, 1 mm. operating in a linear positive mode and by using Protein Calibration Standard I (~5000-17500 Da; Bruker Daltonics) as the internal calibration standard. Data acquisition and processing were performed by using the FlexControl software package (version 3.3; Bruker Daltonics) with automatic data acquisition. Mass spectra were acquired in the mass range m/z 2-20 kDa. Steps of 50 laser shots were applied using randomwalk and spiral large movements on each target spot. The intensity and resolution of the extracted mass spectra were evaluated according to the software fuzzy logic control system. One spectrum was generated from each target spot by the accumulation of 1500 single-shot spectra of adequate intensity and resolution.
The MALDI-TOF profiles between the two strains were quite similar but the m/z ions differed in intensity and by the presence of unique signals (Figs 2 and S2) ; for instance, unlike A. bullii NRRL B-24847 T , the new isolate had lower signal intensities in the range 2-4 kDa and lacked signals at 2.8, 7.1, 9.0 and 11.4 kDa (Fig. S2) .
The micromorphology of isolate SB026 T was examined following growth on an oatmeal agar [International Streptomyces Project (ISP) medium 3; Shirling & Gottlieb, 1966] plate that had been incubated at 28 u C for 4 weeks. The micromorphology of the strain was observed by scanning gold-coated dehydrated specimens using a scanning electron (1993) (1994) . The isolate produced a branched substrate mycelium that fragmented into smooth-surfaced rod-like elements (Fig. 3) .
The new isolate and the type strains of its four closest phylogenetic neighbours were examined for a broad range of phenotypic tests known to be of value in Amycolatopsis systematics (de Boer et al., 1990; Tan & Goodfellow, 2012) . Additional biochemical properties were determined using API ZYM strips (bioMérieux) following the instructions of the manufacturer. Antibiotic tests were performed in GYEA amended with (mg ml 21 ) streptomycin (16), kanamycin sulphate (10), nalidixic acid (10), novobiocin (10) and penicillin G (20). Strain SB026 T showed phenotypic properties that distinguished it from its closest phylogenetic neighbours (Table 1) . It can, for instance, be separated readily from A. bullii NRRL B-24847 T , its nearest phylogenetic neighbour, by its ability to grow at pH 4 and pH 9 and at 10 uC, to degrade hypoxanthine, by its inability to form acid from lactose, maltose and xylose and by its capacity to produce N-acetyl-b-glucosamidase, b-galactosidase and a-mannosidase.
The chemotaxonomic, morphological and phylogenetic data show that isolate SB026 T is a bona fide member of the genus Amycolatopsis. It can be distinguished from its closest phylogenetic neighbours using a combination of phenotypic properties and from A. bullii NRRL B-24847 T , its closest relative, on the basis of DNA-DNA relatedness and MALDI-TOF spectral data. It consequently merits recognition as representing a novel species of the genus Amycolatopsis, for which the name Amycolatopsis rhabdoformis sp. nov. is proposed.
Description of Amycolatopsis rhabdoformis sp. nov.
Amycolatopsis rhabdoformis sp. nov. [rhab.do.for9mis. Gr. fem. n. rhabdos rod shape; L. adj. suff. -formis -is -e (from L. n. forma figure, shape, appearance); N.L. fem. adj. rhabdoformis referring to rod-shaped elements produced by fragmentation of the mycelium].
Aerobic, Gram-stain-positive, non-acid-alcohol-fast, nonmotile, catalase-positive actinomycete that forms a whitish substrate mycelium that fragments into rod-shaped elements (0.5-0.661.4-1.6 mm) on oatmeal agar. Abundant white, sterile aerial hyphae are produced on this medium, but not diffusible pigments. Grows from 10 to 37 uC and from pH 4 to 9, but not in the presence of 5 % (w/v) NaCl. Degrades casein, chitin, guanine, Tweens 40 and 80, uric acid and xylan but not cellulose, gelatin or starch. Acid is formed from cellobiose, fructose, glycerol and mannose, but not from lactose, maltose, meso-erythritol or xylose. Does not grow in the presence of streptomycin, but is resistant to kanamycin sulphate, nalidixic acid, novobiocin and penicillin G. Additional phenotypic tests and fatty acid data are cited in the text and/or in Table 1 . Chemotaxonomic properties are typical of the genus.
The type strain, SB026 T (5CBMAI 1694 T 5CMAA 1285 T 5 NCIMB 14900 T ), was isolated from a tropical soil sample collected at Santa Bárbara d'Oeste, Brazil. The species description is based on a single strain and hence also serves as the description of the type strain.
